In vitro and in vivo characterization of a novel insect decaprenyl diphosphate synthase: a two-major step catalytic mechanism is proposed.
Medium- and long-chain polyprenyl diphosphate synthases (PDDSs) catalyze the synthesis of the side-chain prenyl tails of ubiquinones, which play critical physiological roles in all organisms. This class of enzymes has been extensively studied in bacteria, yeast, plants and mammals, but very little information about such enzymes is available in insects. Here we cloned the cDNAs encoding the two subunits of an aphid long-chain PDDS (designated as AgDPPS1 and AgDPPS2). AgDPPS1 and AgDPPS2 had an open reading frame of 1230 bp and 1275 bp, with a calculated isoelectric point of 8.13 and 6.28, respectively. Sequence alignment and phylogenetic analysis showed that the enzyme was a candidate decaprenyl diphosphate (DPP) synthase with two heterologous subunits. Recombinant expression and in vitro enzymatic assay revealed that the two subunits were essential for the activity of the enzyme that catalyzed the formation of a major intermediate product geranylgeranyl diphosphate. In vivo analysis of ubiquinone (UQ) by expressing the insect enzyme in Escherichia coli identified UQ-10. Our data suggested that the insect enzyme is a novel DPP synthase with a two-major step catalytic mechanism, which catalyzes the formation of DPP as the final product, with geranylgeranyl diphosphate as the major intermediate product. This is the first characterization of an insect long-chain DPPS that synthesizes the side-chain of coenzyme Q-10.